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Some of the Following the method given in Problem 1.7.1, other functions with different values 

\r-Dependent of n and l can be determined. Table 1.7.1 includes some such functions. 
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The plots of Y^o versus r will have the same form as those of R versus 
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where fi B is equal to eli/4nm t , and is known as the Bohr magneton. 

(c) Derive the potential energy expression 
V - + B/u B m 

for the electron placed in a magnetic field B and hence discuss the splitting 
of the electronic energy of p orbitals in the presence of a magnetic field. 
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If the two operators commute, then it is possible to measure simultaneously 
the precise values of both the physical quantities for which operators stand for. 
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ANNEXURE X First-Order Perturbation Theory 
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The first-order correction to the ground-state energy is given by 



210 A Textbook of Physical Chemistry 



(H u - ES U )(H 22 - ES 22 ) - (H n - ES l2 ) 2 = 0 

Knowing the values of H n , H 22 , H n , S u , 5 22 and 5 12 , one can solve the above 

quadratic expression in energy to get the two values of energy. Substituting these 
one by one in secular equations along with the normalization expression of \jf (which 

is Ci + C|$ 22 + 2C,C : S 12 = l) provides the values of coefficients C, and C 2 . 
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Fig. 4.2.4 (a) Experimental set up for NMR, and (b) generation of the rotating magnetic field 
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Fig. 5.5.4 Reflections in (a) <7 V (1) plane, (b) <T V (2) plane, and (c) cr T (3) plane 


















0) o 

-n 3* 

o 5 

5 “ 

~ o 

D <$ 

. 

O CA 
c =r. 
■o o 

to 


H 

er 

S* 

3 

P 

cr 


cl 

o 

p 

P 

P 

£ 

3 

cr 

CD 

*-* 

O 

’-b 

O 

o 

3 

cr 


E 

CD 

3 


S' 


cp 

Q 


It 


3 

O' 


o 

p 

T3 


►— O O 

o o ■— 

O — O 


o 

co 

<p 


✓ -N 

0 — 0 

O O — 

— o o 

V -X 

S' \ 

o O — 

— . o o 

o — o 

II 

/* \ 

© © — 

— o o 

o — © 

_✓ 

/-- 

O O — 

— o o 

0 — 0 


II 




o o 
o — 


— o o 


p 

£ 



to 


© — 
o o 
— o 


o o 
o — 
— o 


— o 
o o 
o — 


"X 

o — 
— o 
o o 


H 

r=r 


I 


I 

O' 

S' 

S. 

o 

3 

P 

a 


8, 

£ 

o 


1 

•s 

p 


o prt 

—J Q 


& W 

CD JD 

a 3 

O *3 
P CD 


O g 

o 2. 

O O 

—a o 

— 


CTQ 

O 

o 

CL 


ffl H 

S b: 

3 . 50 

g 3 
3 8 

cr 3- 

CD »C 


CTQ 

O 

P 

'U 

p“ 

e 


§ 

/6 

3 

o 

p. 


p 

p 

T3 

2 . 

5’ 


o 

p 

T3 

o 


1 S 5 

a ° 

CO CD 

£ ^ 
CTQ p 
CD P 
CL 2 


3 5 

g;..^ 


§ 

T3 


d g- 

•S ^ 

II 


z o 


g- 

1 

•§ 

3 

P 


S' ^ 

cr sr 

cT <»* 
°° X) 
O O 

—> o 

®| 

po -*■ 

P M 
Cl co ■ 

z g. 

P Sr 


a 


s 

o. 


< 

o> 

& 

O' 

3 


a 

C/i 

o 

?r 

3 

5 £ 

S’ O- 
o- « 

“ 5 

Lai 3 

In ^ 

a- ^ 
^ o- 
p 

P CJ» 

CL O 

u\ 3 

in pj. 

jo 

3 'S 

(Do O 

*o c 

CD T3 


° P 

§ ^ 
CD O 

sj 

§ 27 

i i 

? § 

e o 

o —» 

cr ^ 

*S 

e. o 

CO *-t 

° 3 

» o 

3 3 

I & 

& a 

a 3 

»1 <t, 

O P 
£ 
& o 

CD »-n 

o & 

O fD 

3* ^ 
o o 


CD 

X) 

c 

<* 


o H 

f « 

co 

o 2 

o 3 

p. p. 

£. CD 
K* ^ 


—i po 

Co 

rZ W 

CTQ «-t 

P O 

g c 

3' 

c 

0 > m 

« >5_ 

a> p 

E 5' 

Cg. o 


H 


<r> 

CO 


cr S‘ 
o 3 

— j p 
O CTQ 


I 8 

| 3 

cS § 


—- 


• 

C| 

• 

• 

cTJ, 

• 

eP 

• 

<2. 

• 

• 

• 

P 

• 

£ 

• 

£. 

' •. 

cT^> 

NJ 


C\ 

,Q 



jc 

& 

L*J 

to 


<=> 



773 


<2. 

To 

s 




,UD 





to 



^ 

w 


K 3 

» B> 



a 

to 

^ J? 

X 

G» 

x 3 

pa pa 

X 

&a 

K 

cr 

sc 

cr 

* 

X 

cr 

X 

cr 


X 

cr 

X 

cr 


JC 


£ 

K 

£_s£ 




X 

£ 

7 

7 

1 

i 

1 

i 

i 

i 

i 

1 

1 

,Q 

<2. 


P 

<a 

<5 

cQj 

p 



C^Ni 

N> 




LO 




UJ 

ND 


K 

n 

= 

K 

n 


X 

pa 

X 

X 

fia 


X 

cr 

ffi 

a* 

K 

cr 

SC 

cr 

X 

cr 


X 

o 


n w 

X 

P> 

X 

pa 

F 

sc 

to 

K 

DC 

o x 

X 

cr 

F 

X 

cr 

X 

cr 

o X 

X 

X 

i 

1 

i 

J. 

i 

i 

1 

i 

i 

i 

i. 

K 

r> 

SC 

cr 

X 

o* 

X 

X 

cr 

£ 

X 

o 

X 

cr 

X 

o 

X 

cr 

X 

pa 


SC 

n 


X 

X 

cr 

X 

pa 

X 

pa 

X 

ra 

rfC 

£ 

X 

£ 

X 

cr 

£ 


„X 

X 

O' 

X 

pa 

£ 

II) 

III 

111 

III 

III 

ill 

III 

ill 

III 

III 

III 

n 

c£n> 

<5 


SI, 

P 

C\ 


n 

CO 

o 

CO kj 





NJ 



UD 

sSt 



N> 

sc 

P> 

X 

K 

X 

X 

pa 

X 

X 

X 

X 

X 

pa 

P 

SC 

cr 

X 

cr 

X 

cr 

X 

O' 

X 

cr 

X 

cr 

X 

cr 

X 

cr 

X 

cr 

X 

cr • 

X 

cr 

o SC 

jE 

£ 

X 

X 

£ 


X 

ffi pc : 

c-o e- 

£ 



H 

p“ 

CD 


P. 


CT 

p 

p 


3 


P 

SJ 

C 0 *K> 

Cl 

Ul 

j7 

C*3 

r*s 

03 

i‘ 

S" 

a. 

p_ 

p 

p 

CL 

CO 

3 

si 

si 

n 

co , 

frl 

n* 

C/3 

3' 

g 1 

a. 

oQo 

p_ 

CO 

a 

\T> 

CO (O 

3* 

R 

co"io 

il 

CO — 

Q- 

II 

ii 

1 ) 

2 

CT 

2 * 

>5' 

II 

II 

Ii 

2 

o 

,r> 


2 

o 

PT 

n 

o 

C*3 

a 

w , 
KJ 

w iC 

O 

co 


p 

CTQ 

p 

P 

CO | 

to 

^ 1 _ 

l 


Pi¬ 

■ 11 

n 

3 

O 

o 1 

&1 

o 

CO £> 

pi 

i 

ll 

P M 

Ww 

o 

1 

a 

& 

o 

p 

CD 

O 

1 

p 

: o' 

II 

SI 

frl 

II 

J 1 

H 

p_ 

o 

o* 

a 


oj to 


oQ) 

"uj 

It 

Q 


II 

,0 


<3 < 2 , 
13 — 
o n 

tO W N> 

Q Q 

< < 

3 S 

it ii 

Q Q 

< < 

S 3 

s s 

< < 

UD 'to 

ii V 


p 

O 

—l 

il 

P 

P 


P 


O 

CD 


I! 

,0 




* 

CD 

P" 

P 

< 


£ £ 

to — 


to 


(I 

£ 

u> 

cT 

'to 

Ii 

,0 


II 



to g- CD p 

p r-> CD S 

g.tS.g O 

CD CD o 
Ln P P t P > 
(D Tj w c‘ 

§ - at 

| g * z 

3 ^ CTQ O 

^ a 3 o 

'H. p- 3 

CD T3 


§ 

o* a 


3. o 

p ■ 


M 8 o 
— x p 

°|S 

H* -, ° 

2 <D ^ 
P Cfl — 
T3 - P - 
CD CD 
O 

Jj 

T3 


P CD 

O s* 

SL 3 tt3 

■g g CD 
3 PQ P 
CD - O 

S S, ^ 

g?S 

§!? o 

•B-'g a 

S'? 2, 

3 3- o> 

O CD 
*-t 3 CTQ 

CD ^ a 

r-f O. ° 

■r ? C 

CO CD 
P CD 

O n w 

g 3 co 

" s = 

O 3 

f “ S' 

s 9 a 3 

H « CL 

a & a 


3 „ 

■ tra 

s- a._ 

2 7 

3 S- £ 

ft (5 Cfi 

? P O 
o 

p“ 5 —; 

& a a 
“ B- g 

O rv. 

p p ^ 

= r-s 

f ^ § 
«“ a 

_* p p* 

P CD 


< 

-1§- 

.O .Cl Cl. 

is §: 

^ O 
CD W ^ 
CD 9 ^ 

8 8 £ 
^ p— , 

o •— o 

^03 

a p 3 

g i a 

B CD O 

CD ..W g 

S P cr 
c 4- ^ 
Eg.# 

a s a 


S- * 

CD P“ 
Co 8 
CD 

— > 
S. to 
■5 e 

3 a 


X 

& a 

2 3 

3 3 

o n> 

(-n O) 
^ CD* 

cr 3 

CD 

tvK P 

■ ^ s 
h a 

a Er 

o> ® 

3“ “g 

3 3 

CD P 
P T3 

? H 
^ H! 

P 00* 

to ^ 

to CD 
H co 
CD Co 


S: K ' 

O V3 
CT P 
CD cd 
O CL 

2 P 


CTO 


% S 

E » 

co CD 

a g 
§ 1 


3- <2 
g. g 
4 10 

^ O 

© P 

3 p 


p. p 

§ a 

a 5' 

B ° 

a | 

Co P 
co Cd 
2 


O 

P 

P 


H 

rr 


03 

m 

03 

O 

T1 

03 

-< 


3 

o 

■o 

m 

3 

O 

z 

<0 


I 


a 

"t 

$ 

3 

3 


& 

5 

cl 


t 


Ln 

Ln 

VO 


558 A Textbook of Physical Chemistry 














560 A Textbook, of Physical Chemistry lla llS Molecular Symmetry and Its Applications 561 


-O v — II 

l\ 5 

I 


l-i <D 

CL, > 

<D O 

* -S w 

1 £ 

-g H — 

13 >- a 

—i o CJ 

+ ' 



-O- II 



^ m oi m 


>, jS 

W 

> 

'8 jj 

15 

co 

& §• 
o _c 

2 

O 

tuo '55 

•s 

.2 

>> 

S -9 

Jd 

11 

CO 

CO 

03 

B S 

15 

cd 

S £ 

2 

■a H 



r2 O CO 

O c -p 

o -3 % 

e 

cd cd U 
co w 

.a! ^ 

w o o 
o T* 


« ^ 5 

X3 <D 
^•2 & 


<11 ^ ° 
J3 II 3 

>>< 2 

ed . fi 
3 m C 


1 11 
* g. 

n 

’t? 

£> It 


•C to 

, > 

4! T 

b 

;g« 

l ro 

to 

o 


nd o ° 

e CO 

. s § -g - 

U=1 Jl 

g| s, 

O fl)' « ! 

'5 b W) ’ 
g<2 .3 
■ qL «, .5 
o S3 2 
cog. 

w 2 ■ 

, o o 


S cd w 

*3 C H- 

»iia 

i| S i 

W Q O O 


TRANSLATIONAL VECTORS AS A BASIS OF REPRESENTATION 

The translational vectors attached to one or more atoms of a molecule may be taken 
as a basis for representation of symmetry operations in a point group. This is being 
illustrated by taking the examples of water and ammonia molecules. 
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Transformation The transformation matrices (each one is 1 x 1) of the point group C 2v based on d 
Matrices orbitals are as follows. 
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involve the sp 3 hybrid orbital of nitrogen and Is orbital of hydrogen atom. These 

combinations may be obtained by the linear combinations of nonlocalized molecular 

orbitals as shown in the following. 
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70. Work out the irreducible representations for the vibrational modes of C0 2 and acetylene 
molecules. Also identify which ones of these are IR or/and Raman active. 
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(R x , R y ) (x - y , xy)\ (xz, yz) 
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Luminous candela cd The luminous intensity, in the perpen¬ 

dicular.. direction, of a surface of 
1/600 000 sq m of a black body at the 
temperature of freezing platinum under 
a pressure of 101.325 kPa 



















* i ^ ^ 
.+ 


+ 

+ . 

m- 

H 


6 

. X 

7 6l 

V 

‘ 7! 

+ 

CO 

K 

1 - 
3 c 

^ 1 

, _ 

+ 

'c 

* 

+ — 
4 

x~ 

+ — 
5 

fM 

H 

+ 

■ +1 

K 

c 

| CM 

* 3 

3! 

H 

+ 

+! 

1 

! 

*—< 

11 


H 

II 

c 

II 

II 

K 

'h 

H 

* 


+1 

CO 

O ’ 

.a 

—» 


o 

’53 


. v*' 


Tf -H O 

r-> on oo 
N o) m 


OO c l—, 

c o 
- u E 
o 7, 


XXX.- 

^ no ro no —< —■ 

'O in 't 

lONaOO’t'tTt 

co o o rf- — —■ 

co so —h vq co co co 

CO ■—< ON ON oo oo oo" 


_]_, *7 'V o 
c o o — 

x Z Z x 


no cm t-- 

X CM t-- On 
»-> NO NO On 


M OOn CO OO CO 
O CO NO CO O OO 
OO O N 1C) OO O 

(d> X X X X oj 


X r- no £ '•=* oo 

_i ’ —l '•O 3 ft On 


NO CM On O 

n N r' o oo 

§ © CM VI CO 

ON NO ON -O 


O W) ^ d 

la E «- E 

> o o o 

< w « m 


S g 5 

_o B- o 
■ ■£ .jj-i jj 
Q ' W-'W ■ 


vo m r~- c c m 

cm r- on o o 

'P 'P no § 

vo cm r—* r- *-< 


•E EE ° 

•c 3 -£- c ^ 
tS 3 • S 3 


C oo o 

I 11 


> » g | 

Ok Q* > 


r~- oo co o no m oo 
cm On m oo no cM r- oo 
ic) co cn oo a; ^ no 
Od-H'HCicci’t 


CO CO 

—I <N 


£• 

E « o <u 

< KK JCQCQUZO^ 2 


o 











\n 

o 


<N 

m 

(N 


s* 


so o 
oo 
rzi vo 


'I £ °s 


•s .2 

2 rt .2 


„ — — CO 


*G 2J « -s 2 


•s -o 

o • o ■ 


*0 ■ ■ 0) 
rt j 3 

■•' ** <D . 

— •• Cv) 


- £ 

• oo 

2 cs 


c VO 

S 'o 

o o - 

CO 


VO 


' OO 


ss "£ ‘d 2 ov 
^ *" o 2 <N 


<5 


CO ' P 


.3 So , O 


SO <U . 

O M £ 


-S so so 




0) '' 0) — 


s s s. s s s .s 


rt X X X 


x x x £ 


2 E -3 


-a “ 
so 3 


CO 3 

x 

o 

- ct\ a. 

& « ffi o 

S ® 6 

o .2 S 

2 ” q ^ 

o • OJ j- 

. ■ V a ■£ c/i co 


* £ 


9* M 


a C. s- 


£■ *-o 


— •" £}. «• O. 
O 

x 

E • w - 


O ' bo 


4) ^ 2 r* 
C/> id ' X •“ 
■ o ‘a s *2 


E 

o . 

S-S’S 


- S z - z 


o 

O x 


2- ■§ 
;•• s 

5b. 3 

s- g 

o • o 

Z Z 


SO — 


O W 


-I ig § E 

5 §' u- ■ g. § 

u >> °■ JJ' S s 

Tt /*' -I O 

S O 


S 3 Id O 


E ; £ 


S -is U 


Q .2. 

K o 


ck 2 

2 M 

4) ' a) ■-<: 
=3 -a o 
bo e. x 
« « ■ a 

J- J- X 


E 5. 


2 O 
E <• 
■S3. O 

X X. 


cs -a -a ^j- 


2 X 

> ' C 


X X X.X 


£ 

So 

X 


E .2 


2 X § :S E o o c c « 

.2 3 g § i g S ■§• i 2" 

C c Cr 1- to . •£. o x 
O O O O O <J N. 2.2' 

d c «-> d - d p ’d p o 

OOWUOU'UU I x 
C3 .CCC3CCCCSO-- 
bO oo bO ofl bo oo bQ 00 C d 

rt rt rt rt rt rt rt rt 03 rt 

SSSSSSSS.S’S 


OO lO 
CO 
VO VO 


C VO o ’-«o 
o o •-. . 

• — uo -x, ' 


oo a ’ 7J 


*n o vo 


o O 9 2 

•o ■ 2 «j 

o> o V > 

g s s s 

O Ui »-i Ui 

X X X X 


t! -- *0 


OJ O u. 

o o o 


“'s! 


5' . '£ 


’£ .2 E ^ 2 03 

£ T3 o =3 x «= 

8 fl es > sf 

M -2 a- cl. x E 

t3 t! 3 =3 =3 O 

o o o o o ^ 

a 5 o a o o 


m . £ 

CO 

. o 

uT i 

o o 

« 2 


b k 

bO oo vo 


> « •= T3 


uT O 
O X 
X ^ 


E 2 

etj «J 

X X 


^ b X 

E 

I O 2 
- S 2 


.S .E *3 


o 2 . ^ c £ 2 ^j^x> 
.ss.qfaESEooc 

<DOU434>00 : 3 3 


vo oo .ti 2 
r~ ' r- x X 
N N o o 

. . *0 TD 

cn ^ ‘C 'd 

X X 2 - 


.£ C E E 


•a t 3 -a 


So So So So So So 


a 

o 

•rt CO 


da) d 


7 "O X X 


KKXKKK' 5 Z £ 5 


- -$3 


o 2 


.a . 2 « 
s S s 


§ -i 

E 




Q O Q 


O Q — 0) 

■d 2 3 x 




— 2oxo 

0) d X • — 

5 q 5 


2 £ 


2 rt o 


s g d 

v- 1 1-1 rv "d O 


■d d « X 1-1 1-1 t- u, 




- — -d o 


Q Q Q WWWWW 


S ^ x x £* 0.0 

P H X 0) ^ 


£ 


w UJ W UJ B3 


- oa n M 

g g > s 

« - s £ K 


2 s 2 


W W X X UJ XX 


I 



c 3 ~ 

5* 5* a 


3 3 


N o. 5 n 


B .EL sT 65 

P ' (jq HQ 


z z 

S »g 


S I 3 

P O P 

era o » 


£• n <d a/ 
o cr =r 5 

•g ■< ■< | 
■S « » J 

v< CT O 7~, 

- O 2 ~ 

P 3" P o’ 

° ° n ^ 

nr - - 3 
p p 

s ^ ^ s 
to N> Si 

1° u n 


O O g- 
cr a* q 
p p 2. 
o - a - -n 
El* do p 


3 *< =* 

I* & g 

5' a 3 

3 2. cr 

- Q - <t> 

c r* 


Q. ^ v< CB' 
^ — ‘ n. o. 3 


p oq o«> — n o> 


n n era 
. p p v? 
=r. cr o 


2 o o 

2; 3* 3* 


NO __ 

'O o © 

.£». OO 


? <n' » “ 

“ “■ S' 5 


M Cfl 7) CO W 


P* p" Q. ol ol 


*> *> jo po pa 


VO — 

VO ^ 

O 

O 


3 Q. P TJ 

o CD P m 

I “ s $ 

a S g- i 


owe. 

-j o 

O 3 


° I ■§ 


-) -) -i H -! 


R S' & 


Crt n p 2 p 3 

F O o 3 g g. 

8 ?. ij S’ ? 

£ £ -° 3 3 = 

5 ; a- £ w 


3 3 3 3 3 

3 3 3 3 3 

n cd <d cd n 

3‘ ^ *3 S' *< 

2: T3 o -f, o 


si ^ 3 cr a* p 

p 2 £ £ cd g 

» g' »■ 3 *3 3 

cr ? o- 2 

ON g £L *=T | |- 

s O P CD rx P 05 

w a 3 T -r 

2 ° pi *< g 

3 (l £■ 9 

CD ON £. 

— S' CL 

2 « g n 


C/3 C/3 C/3 CO 
CD CD P ’2. ' 


CD B W 

& & * 


c *< •< 
p cr cr 
3 2. 2. 

S’ a a 

POO 

0-3-3- 


Oq W to 

C ~-J ~-J 
- a on 


OO 


O 





S g 
s' « 


3 S 

5 ° 

© cd 

6 a 

■s & 

E £ 

5 *o 

Jl 


o< ‘C- 




co 

CO 



>> CO 

E? -rt 

4 > O 

<u E 

"cd 

c :c 

•o o 

cd "cd 
& .£ 
> ' £ 


ra in o\ 
• £3 oo : 

:o sf 


Jo £ 'C 
> > 


■^f 

CO 


o 

c 

o 





I 



oo 




